Water exchange in small particles of liver or kidney tissue after immersion in various fluids including physiological salt solution can be measured by changes in their specific gravity (7) . Mitochondria swell and cytoplasm may become foam-like in appearance. The changes are reversible for a time and swelling of tissue and of mitochondria caused by immersion in water may diminish when the tissue is transferred to physiological salt solution.
Much more decisive information has been obtained when changes in weight of tissue are determined by use of a torsion balance which permits rapid weighing of tissue slices and measures water exchange in per cent of weight (8) . The relation of per cent of weight to water content of immersed slices of tissue is readily confirmed by determination of the dry weight of the tissue. In the media usually employed significant diminution of the dry weight as compared with the control may occur during immersion.
When tissue slices are immersed in fluids approximately resembling their normal environment, changes occur rapidly in orderly sequence, in part determined by injury of cells that is referable to the medium. When slices of liver are immersed in solutions of sodium chloride of graded concentration the tissue is found to be in water equilibrium with solutions having molar concentration for liver, slightly more than twice that of physiological salt solution, the average being 0.34 molar with variation usually from 0.3 to 0.4 molar (8) . This level persists during 15 to 20 minutes of immersion. Later with continued immersion in the same medium more water is taken in and a maximum is usually reached after about 1 hour. Pathological conditions may change the level of water equilibrium (9) . With the procedure that has been followed the average concentration of sodium chloride isotonic with liver slices has remained unchanged during 90 minutes after removal of 103 the tissue from the body. When the time is longer the tissue is found to be isotonic with stronger solutions of sodium chloride presumably as a result of autolytic changes in the tissue.
To determine the leve/of isotonicity weighed slices of the organ have been immersed during 10 minutes at 20°C. in graded solutions of sodium chloride with concentration from 0.1 to 0.5 molar. Save in the stronger hypertonic solutions the per cent of change in weight, when plotted, follows a linear course and water equilibrium is indicated by the point at which this line crosses a base line recording the concentration of the solutions (1, 8) .
Isotonicity of the kidney cortex of white rats determined by immersion in graded solutions of sodium chloride has had an average of 0.23 molar, with a range of variation from 0.20 to 0.29 molar (8) . The isotonicity of pancreatic tissue has been 0.28 molar and that of submaxillary gland 0.33. The significance of these figures is increased by evidence that isotonicity of liver tissue bears an approximately constant ratio to that of kidney in different animal species. The average concentration of sodium chloride isotonic with liver of mouse, rat, guinea pig, rabbit, and cat has varied from 0.32 to 0.38 molar whereas that isotonic with kidney has been from 0.21 to 0.29 molar (8) . In accord with widely accepted opinion the extra-cellular fluid of the tissue has the characters of an ultra filtrate of plasma and with the same electrolyte content. An osmotic pressure of the tissue above that of the blood is evidently referable to the cells of the part (9) .
Water exchange of liver of the white rat in solutions of potassium chloride (7) follows a course similar to that in a solution of sodium chloride, the level of isotonicity being slightly higher than that in sodium chloride. Liver tissue has been isotonic with a much stronger solution of the monosaccharide mannitol, namely 0.66 molar (8) . In both instances, as with sodium chloride, equilibrium has been maintained during 15 to 20 minutes. Those who have studied water movement in tissues have in most instances given little attention to the sequence of events which occurs when tissue slices are immersed in various solutions or to the relation of these events to the duration of immersion.
The purpose of the present study has been to learn if the osmotic pressure within cells of liver, kidney, and some other glandular organs, measured by water equilibrium in solutions of sodium chloride and found to be greater than that of the extracellular fluid, has a similar relation to other electrolytes. The results of this study have given evidence that the cells react to these electrolytes with an approximate uniformity that is determined by the physical properties of the cells.
EXPERIMENTS
Experiments have been undertaken to determine for a considerable number of electrolytes the molar concentration which, by the method that has been already mentioned, is in water equilibrium with liver or with kidney tissue. In Table I , column 1, are figures measuring the isotonicity of liver in these solutions and in Table II , column l, are those applicable to kidney.
TABLE I

Isotonicity of Liwr Tissue in Solutions of Eleztrdytes
Column 1, molar concentration of electrolytes isotonic with liver tissue. Column 2, molar concentration of sodium chloride isotonic with each of the electrolyte solutions that have been found to be in water equilibrium with liver as estimated from freezing point determinations. Column 3, the same estimated from iso ~iestic tables. Column 4, the ratio of observed (column 1) to estimated (column 3) isotonicit I wish to thank Dr. Theodore Shedlowsky for assistance which he has kindly given me in the calculation of the estimated figures in Tables I and II. The molar concentration of the solution isotonic with tissue from the one or other organ has varied with valence, being greatest with salts of monovalent, less with bivalent, and least with those of trivalent bases. Among salts of monovalent bases the isotonicity of liver (Table I , column 1) and of kidney tissue (Table II , column 1) has been similar respectively for chlorides, iodides, nitrates, and acetates of sodium potassium and ammonium, that is, for liver 0.29 to 0.34 molar; for kidney 21 to 25 molar. Chlorides of bivalent bases have been isotonic with liver and with kidney at considerably lower levels than those of monovalent bases. Chlorides of trivalent bases have been isotonic at still lower levels.
Sulfates of sodium and of potassium have been isotonic with both liver and kidney at lower levels than those of other salts of these bases. The level of magnesium sulfate is considerably higher than that of sodium or potassium. The exceptional relation of sulfates to other salts is emphasized by the level at which water equilibrium is maintained by both liver and kidney when immersed in solutions of cobalt sulfate; that is, in solutions 0.697 and 0.532 molar, respectively.
Salts of two heavy metals, namely, mercuric chloride and cadmium sulfate, have produced immediate coagulation of immersed tissue which becomes rigid and opaque. Salts of the heavy metals cobalt and aluminum have caused no gross evidence of injury, and their level of water equilibrium is readily determined when slices are immersed in solutions of graded concentration. Isotonicity of cobalt sulfate at the unusual level of 0.70 molar has been mentioned. No detailed study of the relation of hydrogen-ion concentration of solutions to water movement in immersed tissues has been made but it may be noted that the acidity of aluminum chloride in molar concentration has been pH 2.2 and of aluminum sulfate pH 2.7.
As freezing point depression, vapor tension, electrical conductivity and other colligative properties of electrolytes are determined by the molecular weight and ion-dissociation of these substances, the attempt has been made to learn whether water equilibrium of liver or of kidney in graded concentrations of various electrolytes is dependent upon related factors.
Coefficients readily obtained from data concerning freezing point depression recorded for many electrolytes in the International Critical Tables (10) may be used to measure at different molar levels the ion-dissociation that accompanies increasing concentration of a solute. These osmotic coefficients measure deviations from the freezing point of dilute solutions as determined by the molecular constitution of each electrolyte and offer means by which the osmotic activity of different electrolytes may be compared. A chosen electrolyte, namely, sodium chloride, preferable for biological changes, provides a convenient standard of reference (see Lifson and Visscher, 11) .
As liver slices have an average isotonicity of 0.34 molar sodium chloride, this level may be used for comparison with the molar concentration of various electrolyte solutions found by experiment to be isotonic with liver tissue (Table  I , column 1). The osmotic coefficients necessary to make this comparison can be obtained by simple calculations from data which record in the International Critical Tables lowering of the freezing point by electrolytes. In Table  I , column 2, are these estimated molar concentrations of electrolyte solutions that are isotonic with liver and have the same osmotic pressure as 0.34 molar sodium chloride.
From calculations based on the free energy of solvents, vapor pressure, and lowering of freezing point, Robinson and Stokes (12) have obtained coefficients by which equivalent solutions of various electrolytes can be meas-ured. In Table I , column 3, are molar concentrations of sodium chloride with osmotic pressure equal to that of electrolyte solutions found to be isotonic with immersed liver tissue. In column 4 are ratios of the observed (column 1) to the estimated isotonicity (column 3).
Experiments to determine the isotonicity of liver or of kidney tissue in solutions of various electrolytes obviously do not have the accuracy of the physical data that define lowering of freezing point and vapor pressure because they are performed on tissue from animals which are individually subject to variation. Nevertheless, the close accord of isotonicity, determined at an early stage of tissue immersion, with corresponding figures obtained from freezing point lowering (column 2) and from assembled colligative properties of electrolytes (column 3) indicate that the observed isotonicity is referable to the molecular constitution of the electrolyte. The derived coefficients have indicated in most instances levels of molar concentration slightly greater than those for experiments with liver on the one hand or kidney on the other. Table I shows a close correlation between molar concentration of electrolytes isotonic with liver and that of solutions with osmotic pressure measured by lowering of freezing point, vapor pressure and other colligative properties of electrolytes. Sulfates have had by experiment isotonicity at a molar level less than that which has been estimated. The experimental isotonic concentrations of potassium iodide and potassium nitrate have been less than those that have been estimated. The widest discrepancies are those of magnesium sulfate and aluminum sulfate, the experimental figures being slightly more than half of those estimated.
In Table I , column 4, are the results of a comparison of the observed molar concentrations of electrolytes found isotonic with liver and the corresponding molar concentrations derived by Robinson and Stokes from assembled colligative properties of these electrolytes (column 3). The correlation (unity in column 4) is somewhat closer for sodium than for potassium salts and within each of these groups least for sulfates. The deviation of observed from estimated isotonicity is considerably greater for the sulfates of magnesium and aluminum. As molar concentration diminishes with increasing valence small differences in the former accentuate changes in the ratio of the one to the other.
In Table II the molar concentration of electrolytes isotonic with kidney (column 1) are compared with molar concentration of solutions that have the same osmotic pressure as 0.23 molar sodium chloride--that is, with the sodium chloride concentration isotonic with kidney. The results resemble closely those obtained with liver tissue. Deviations from unity (column 4) occurred with magnesium sulfate, lanthanum chloride, and especially with aluminum sulfate. It is noteworthy that the observed molar concentrations of potassium salts are uniformly greater than those that have been estimated.
DISCUSSION
Plasmolysis was used many years ago by de Vries (13) to measure the isotonicity of cells of Tradescantia, Begonia, and of some other plants when the tissue was immersed in solutions of a wide variety of substances. He found that it varied with the molecular weight of each substance modified by the ion-dissociation which it undergoes in solution. The results he obtained were in agreement with the relation of molecular weights to depression of freezing point, vapor tension, and electrical conductivity of these substances. He determined the concentration at which a selected substance, namely, potassium nitrate, was isotonic with the plant cells he tested and using this result as unity measured the isotonicity of a wide variety of substances in multiples of it. As these measurements were proportional to the molecular weights of the corresponding substances, he assumed that plant cells could be used as osmometers and by this method estimated for raffinose a molecular weight almost identical with that now well established.
Hamburger (14) showed that red blood corpuscles took up water in accord with the osmotic pressure of the solution into which they were immersed. Hemolysis marked the penetration of water into the cell and occurred with definite relation to the molecular weight and ion-dissociation of many soluble substances that were tested. Much evidence has been assembled by Ponder (15) and others to show that red blood cells act as osmometers with definable relation to molecular weight and ion-dissociation of dissolved substances.
Luck6 and McCutcheon (16) have studied the water exchange of egg cells of echinoderms and of other marine invertebrates. These cells swell and shrink in accord with laws defining osmosis and diffusion (Luck6, Hartline, and McCutcheon, (17)). They have the advantage thay they provide a definite criterion of injury; after fertilization injured cells fail to undergo normal cleavage (Luck6 and McCutcheon (17) ). Exposure to injury by hypotonic solutions or by heat increases permeability to water but with death of the cell permeability is lost (18) .
The well known studies of Osterhout (18) have shown that when the marine sea plant Laminaria is transferred from sea water to a solution of pure sodium chloride the tissue swells and water intake and electrical conductivity increase continuously until the plant is killed. Electrical conductivity can be used to measure the progress of injury and has a definable numerical relation to the death of the cell.
When liver of kidney tissue is immersed in isotonic solutions of many electrolytes, water equilibrium is maintained during 10 or more minutes. In KrebsRinger solution with concentration increased twofold by addition of sodium chloride equilibrium may be evident during 3 hours (9). Under conditions otherwise favorable to the tissue, water intake of immersed tissue may be increased by addition of various injurious substances to the medium (9) . When the tissue is heated to temperatures from 38°-52°C., its permeability increases continuously, then diminishes, and when heated to 55°C., with heat coagulation, water intake does not occur.
Plasma membranes of liver and of kidney cells evidently resist the entrance of electrolytes and are in this sense semipermeable, but semipermeability is not perfect and the cells exhibit decreasing ability to prevent the entrance of water, presumably as the result of the retarded penetration of sodium chloride or some other electrolyte more or less injurious to the cell. The present experiments have shown that salts of the heavy metals cause such profound injury to immersed tissue that surviving properties are impaired or lost.
CONCLUSIONS
Solutions of a wide variety of electrolytes, isotonic with liver or with kidney tissue, have approximately the same osmotic pressure as solutions of sodium chloride isotonic with tissues of the two organs respectively; that is, with solutions approximately twice as concentrated as the sodium chloride of mammalian blood plasma.
The molar concentration of various electrolytes isotonic with liver or with kidney tissue immediately after its removal from the body is determined by the molecular weight, valency, and ion-dissociation of these electrolytes in accordance with the well known conditions of osmosis.
The plasma membranes of liver and of kidney cells are imperfectly semipermeable to electrolytes, and those that enter the cell, though retarded in so doing, bring about injury which increases permeability to water.
The osmotic activity of cells of mammalian liver and kidney immediately after their removal from the body resembles that of plant cells, egg cells of marine invertebrates, and mammalian red blood corpuscles and presumably represents a basic property of living cells by which osmotic pressure may be adjusted to functional need.
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